Recently, numerous large-scale mumps outbreaks have occurred in vaccinated populations. Clinical isolates sequenced from these outbreaks have invariably been of genotypes distinct from those of vaccine viruses, raising concern that certain mumps virus strains may escape vaccine-induced immunity. To investigate this concern, sera obtained from children 6 weeks after receipt of measles, mumps, and rubella (MMR) vaccine were tested for the ability to neutralize a carefully selected group of genetically diverse mumps virus strains.
A subset of the 96 serum specimens (n = 10, preselected for titer range) were tested for their relative neutralizing capacity against these eight recombinant viruses in PRN assays performed as described earlier (54) . Results are shown in Fig. 2 . All comparisons were performed using log-transformed data and the Student's t test (α = 0.05). As expected, replacement of the JL HN gene with that of 88 [rJL+88(HN)] or vice versa [r88+JL(HN)] yielded geometric mean titers (GMTs) that were significantly different than those of the parental viruses (all P values were <0.001), confirming the HN protein as a major target of neutralizing antibody. In contrast, replacement of the JL F gene with that of 88 [rJL+88(F)], or vice versa [r88+JL(F)] yielded GMTs not statistically different from those measured against the parental viruses (P value of 0.06 or 0.385, respectively), suggesting that the MuV F gene does not play a significant role in the neutralizing antibody response. This is consistent with findings by others who were unable to achieve virus neutralization with anti-MuV F protein antibodies (47, 60, 63) , although one group reported that serum from hamsters infected with vaccinia virus expressing the MuV F protein was capable of virus neutralization in vitro (34) . No effect on neutralization was seen with replacement of the N, V/P/I, and L genes [rJL+88(N/P/L) and r88+JL(N/P/L); P values of 0.556 and 0.663, respectively], a finding that was perhaps not surprising considering the likely inaccessibility of these internally expressed proteins to antibody. Nonetheless, neutralization by antibodies specific for internally expressed proteins has been reported for other viruses (22, 39, 41) . Although Western blot analysis revealed differences in viral protein content between the different viruses, levels of protein expression did not correlate with susceptibility to neutralization (data not shown). Based on the demonstration of the HN protein as the major player in virus susceptibility to antibody-mediated neutralization, all unique mumps virus strains for which the full-length HN amino acid sequence was available in the NCBI databases (http://www.ncbi.nlm.nih.gov) were used to construct a phylogenetic tree using the freeware program MEGA v3.1 (36) using the unweighted pair-group method with arithmetic means (UPGMA) (26) . The resulting tree showed seven distinct clusters, arbitrarily labeled as groups 1 to 7 (Fig. 3) . Similar clustering of viruses was achieved when the analysis was repeated using the SH gene nucleotide sequence (data not shown). One virus was selected from each HN grouping, with the exception of group 1, for which two viruses were chosen to allow assaying of both the homologous vaccine strain (JL) and a different group 1 virus. No viruses representing group 3 were available. Thus, a total of seven MuVs were tested. The GMTs of the 96 serum samples tested against the 7 MuV strains are presented in Fig. 4 . All sera neutralized all viruses. Not surprisingly, the highest titers were measured against JL (the immunizing agent). No statistically significant differences were seen between the anti-JL and anti-Enders/USA45 GMTs (233 versus 195, P = 0.166, Mann-Whitney rank sum test), consistent with the two viruses belonging to the same HN phylogenetic group. In contrast, the anti-JL titers were significantly different from those measured against the other five viruses (all had P values of <0.001, Mann-Whitney rank sum test). Thus, although we have found clear evidence of antigenic differences among mumps virus strains, the fact that all sera neutralized all viruses supports the notion that mumps virus is serologically monotypic and argues against the evolution of exotic strains capable of escaping JL vaccine-induced immunity. However, the sera tested here were obtained from individuals 6 weeks after vaccination, a time when titers are relatively high (8) , whereas numerous studies have found levels of MuV-specific antibody to decline significantly with time postvaccination (24, 25, 38, 54) . This has been associated with decreased vaccine effectiveness (17, 31, 57) and increased odds of contracting disease (10, 19, 61). Thus, it is possible that by the time of adolescence (when antibody levels have declined) such antigenic differences may be of significance. Of note, T cell immunity was not assessed in this study; thus, we cannot rule out the possibility that certain MuV strains might be capable of escaping vaccine-induced T cell responses. Given our evidence of effective B cell immunity shortly after vaccination, the ability to escape vaccine-induced T cell responses might not be of significance in the short term but could dramatically compound the problems caused by waning B cell immunity as the interval between vaccination and subsequent exposure increases. Also, it must be acknowledged that measurements of virus-neutralizing antibody in vitro may not be fully predictive of immunological activity in vivo given that numerous processes that occur in the host are not reflected in the assays used to measure virus viability in vitro.
It is important to highlight the fact that the occurrence of outbreaks in vaccinated populations is not a problem unique to the JL vaccine strain, given that outbreaks have also occurred in populations with a history of vaccination with the Urabe AM9 and Leningrad-Zagreb strains (3, 15, 18, 33, 46) . 
